Background: Physical function (PF) impairment and elder mistreatment (EM) are alarming public health issues facing by many older adults. Prior studies have not generated uniform findings on the associations between PF and EM. This study aimed to address the research gap of this association among U.S. Chinese aging population. Methods: Three thousand one hundred fifty-eight community-dwelling Chinese older adults in the Greater Chicago Area were surveyed. Independent variables included both self-reported and performance-based PF measurements. Dependent variable was EM, assessed by a 10-item instrument that has been widely used in social studies. Results: The mean age of study participants was 76.3 years (SD ± 8.4) and 58.0% were female. After adjusting for potential covariates, higher scores of activities of daily living (odds ratio 
Elder mistreatment (EM) is an alarming public health issue that has been recognized by the World Health Organization as a violation of basic human rights (1) . The U.S. Preventive Services Task Force also recommended EM as a priority research topic (2) . Prior studies in Western countries suggested that the prevalence of EM ranges from 3% to 20% (3, 4) . Studies conducted in Mainland China found that the prevalence of EM was even higher, ranging from 20% to 40% (5, 6) . A large study body has shown the association between EM and higher risk of morbidity and mortality. However, our knowledge about the risk or protective factors of EM remains inadequate, especially among minority groups like Chinese aging population.
Physical function (PF) decline and impairment is another important public health concern among geriatric populations. Impairment in PF threatens one's ability to live independently and is related to adverse health outcomes (7) . The Older Americans 2012 Federal Report demonstrates that in 2009 that 41.4% of U.S. older adults who were enrolled in Medicare reported activities of daily living (ADL) or instrumental activities of daily living (IADL) impairment (8) . Immigrant populations have higher risks of PF impairment in comparison with the nonimmigrants in the United States (9) . PF impairment increases burden at various levels, including escalated healthcare costs, increased caregiving burden for families (9) , and compromised social engagement for individuals (10) . Prior studies have suggested that increased caregiving burden might play a role in triggering family conflicts and further increase the possibility of EM (11) .
Previous research regarding the association between PF and EM yielded mixed results. Some studies indicated that PF impairment was significantly associated with higher risks of EM (12) ; others reported the opposite or no association (13) . The differences in study findings may largely due to the inconsistency of variable definitions, assessment instruments, data collection processes, and other variations across studies (14) . Chinese unique cultural beliefs established upon Confucianism and collectivism affect various facets of the well-being of Chinese population, such as filial obligations to take care of the elderly. Also, Chinese immigrants in the United States are facing substantial challenges and obstacles, ranging from difficulties in accessing basic services, lower acculturation to the mainstream American culture (15) , and issues navigating through political and legal systems to protect their basic rights. Given the unique cultural and social aspects of Chinese populations, we are interested to explore if the association between PF impairment and EM may differ among Chinese older adults.
Nevertheless, to fill this research gap, this study aims to examine the independent contribution of both self-reported and observed PF and the risk of EM among Chinese community-dwelling population in the Greater Chicago Area.
Methods

Population and Settings
The Population Study of Chinese Elderly in Chicago (PINE study) is a community-based epidemiological study. The PINE study has collected information, including physical, psychological, and social well-being, of 3,158 Chinese elder adults aged 60 years old and above in the Greater Chicago area. As the first and largest public health research among U.S. Chinese older adults, the PINE study was initiated by a synergistic community-academic collaboration and was guided by a community-based participatory research approach.
Study Design and Procedure
Participants were recruited from over 20 sites and data were collected through in-person interviews by trained multicultural and multilingual interviewers between July 2011 to June 2013. Participants were interviewed in their preferred languages, including English, Cantonese, Taishanese, Mandarin, or Teochew. Out of 3,542 eligible older adults approached, 3,158 agreed to participate, yielding a response rate of 89.2%. According to data from the 2010 U.S. Census and a random block census project conducted in the Chinese community in Chicago, the PINE study is representative of the Chinese aging population in the Greater Chicago area (17) . The Institutional Review Boards of the Rush University Medical Center has approved the PINE study. Detailed study design and previous publications can be found on PINE study website: ChineseHealthyAging.org.
Measurements
Independent variable: PF We used both self-reported and observed PF performance measurements in this study for the following reasons: (a) the limitation of self-reported data, yet it still has clinical relevance in terms of efficiency and feasibility, like cases where PF can not be measured; (b) the observed physical performance measurement could reflect the actual PF more objectively; it is also possible that Chinese people are prone to saving face, so participants might adjust their self-reported answered to avoid embarrassment. Hence, using observed measurements could reduce bias. It is possible that the different natures of the two types of measurements might yield differences in the association between PF and EM.
Self-reported assessments include: (a) the Katz Index of ADL is to measure one's ability to perform basic self-care tasks including eating, bathing, dressing, walking, grooming, toileting, transferring, and incontinence (16) . The total score ranges from 0 to 8 with a Cronbach's α of 0.92; (b) IADL is to assess participants' ability in performing living tasks that require great efforts, including managing money, using telephone, preparing meals, doing laundry, taking medication, doing housework, maintaining routine health, managing special health needs, shopping, traveling, getting outside home, and staying alone (17) . The IADL total score ranges from 0 to 12 with a Cronbach's α of 0.90. Higher scores of ADL and IADL indicate higher levels of PF impairment; and (c) RosowBreslau index of mobility, which measure one's ability to do heavy work around the house, walk up and down stairs, and walk half a mile (18) . The measurement results were reversely coded with the Cronbach's α of 0.80. Hence, the total score ranging is from 0 to 3, higher score of Rosow-Breslau measurement indicates higher PF impairment.
Observed physical performance was measured by Short Physical Performance Battery (SPPB). We asked the participants to perform three physical measurements: (a) tandem stand to evaluate participants' ability of balance; (b) timed walk to measure participants' gait speed; and (c) chair stand to measure participants' lower extremity strength. Detailed SPPB administrative instructions can be found in previous studies. The aggregate score ranges from 0 to 15. We recoded the scores to make the observed physical performance measurements align with the same direction as self-reported assessments. Thus, higher score indicating poorer PF performance. The internal consistency and reliability of these performance tests were discussed and proved in the Chicago Health and Aging Project. For observed physical performance measurements, in addition to the continuous measurements, it was then categorized into tertiles and the highest tertile group indicated the lowest PF performance.
Dependent variable: EM
This study used the Vulnerability to Abuse Screening Scale (VASS) to assess the EM underlying family conflicts (19) . The instrument was modified and administered to Chinese geriatric populations with good validity both in Mainland China and the United States (5, 20) . Participants were asked since they turned 60 years old if they had ever experienced: family conflicts, felt uncomfortable with family members, felt nobody wanted them around, been told that they caused trouble, been afraid of family members, felt that someone close tried to hurt them, been neglected or confined, been called a name or put down, been forced to do things, or someone took belongings without permission. A "yes" response to any of the above items was considered as having experienced EM. The scale demonstrated good reliability in this study sample with a Cronbach's α of 0.80 (5).
Confounding variables
We selected the confounding variable and structured the models based on existing literature. We controlled for basic sociodemographic information (age, gender), other socioeconomic factors (education level, annual income, and marital status), factors that reflect social situation (living arrangement, number of children alive, and years living in the United States), medical comorbidities, and participant's depressive symptoms were controlled in the models.
Depressive symptoms were measured by the PHQ-9 scale with a Cronbach α of 0.82 (21) .
Statistical Analysis
Chi-square and t-test were used to compare the mean differences in sociodemographics, health status, and PF status between participants with and without EM experience. Multivariate logistic regression models were used to examine the association between PF and EM. Potential covariates were controlled in the models. Model A was adjusted for basic sociodemographic characteristics, including age and gender. Education, income, and marital status were added to Model B. In Model C, living arrangement, number of children alive, and years living in the United States were included in addition to Model B. We then added medical comorbidities to build Model D. For the final model (Model E), we adjusted depressive symptoms on top of controlled covariates in Model D. Odds ratios (ORs), 95% confidence intervals (CIs), and p values were reported for multivariate analyses. All statistical analyses were conducted using SAS 9.4 (32). Ink (SAS Institute Inc., Cary, NC). Table 1 is the characteristics of study participants with and without EM. In terms of sociodemographics, compared with older adults reported no EM, those reported having EM were more likely to have higher education levels, less children alive, more medical comorbidities, and higher levels of depressive symptoms. With respect to PF assessments, people who experienced EM were more likely to have lower scores in tandem stand or timed walk tests compared with those who did not report EM.
Results
Associations Between Self-Reported PF Assessments and EM
The associations between ADL, IADL, and Rosow-Breslau and EM are presented in Tables 2 and 3 . PF assessments were first modeled as continuous variables (Table 2) In addition, PF was modeled as categorical independent variables as detecting the presence of a health condition is relatively more tangible and relevant in clinical setting as opposed to measuring the severity of it (Table 3 ). According to the fully adjusted Model E, greater level of ADL impairment was associated with lower risk of EM (OR = 0.57, CI = 0.36-0.90). There were no significant associations between IADL impairment, Rosow-Breslau impairment and EM after adjusted all confounding variables.
Associations Between Observed Physical Performance Measurements and EM
The associations between observed physical performance measurements and EM are demonstrated in Tables 2 and 3 . In Table 2 , after adjusting confounding factors, the observed physical performance measurements, except the Chair test, were significantly associated with EM (SPPB: OR = 0.93, CI = 0.89-0.97; Tandem stand: OR = 0.78, CI = 0.70-0.88; Walk test: OR = 0.84, CI = 0.77-0.91). PF was then coded into tertiles and the association between the lowest PF performance group and EM was presented in Table 3 . Similar to the previous finding, in the fully adjusted model, the Chair test (the lowest tertile) was not associated with EM, but all other Note: ADL = activities of daily living; IADL = instrumental activities of daily living; SPPB = short physical performance battery. Values are presented as mean ± SD or N (%). physical performance measurements were. Specifically, every onepoint increase increases in the observed low SPPB, Tandem stand, Walk test were associated with 44%, 28%, and 24% decreased odds of reporting EM, respectively.
Discussion
To our knowledge, this is the largest population-based epidemiological study to examine the independent association between PF and EM among community-dwelling Chinese older adults in the United States. Our findings suggested that greater levels of PF impairment measured by both self-reported assessments and observed measurements were associated with lower risks of EM.
Several potential mechanisms may be applied to explain the association between PF and EM in this study. First, existing literature has discussed about Chinese family-oriented cultural beliefs, including filial piety and obligational support from family members, and how these beliefs might interact with or influence health outcomes. Especially when treating the disabled and frail in the family, such as aging parents, Chinese people would view the situation as a shared responsibility among capable family members, such as adult children, to provide protection and care to the vulnerable. Thus, family members with higher FP impairment might be specially monitored for health concerns and simultaneously protected from being mistreated. Another mechanism to justify the findings might be considering community improvements in recent years. For instance, in the last few years, continuous endeavors have been put into place to achieve healthy aging among Chinese communities in the Greater Chicago Area. A number of aging service programs, for example, in-home caregiving programs, have been implemented and well received by many Chinese families. Especially near Chinatown area, in-home paid caregivers or housekeepers are involved in the care of frail older adults. Likely, the external helpers play important roles in reducing adult children's caregiving stress, reducing the risk of family conflicts, and further preventing EM. The caregivers can also be regarded as "external observers," who by law are mandatorily required to report any EM cases that they observed. It might help lower the chances of EM as family members are trying to save face or afraid of being reported to the authorities.
Furthermore, we found out that compared with older adults who reported having no EM, those that have experienced EM are more likely to have higher education levels, fewer children, more medical comorbidities, and more depressive symptoms. It is possible that older adults with higher level of education may feel more open and less conventional talking about family conflicts. However, the reasons for the association needs further study. For children with (21) . Older adults having depressive symptoms might bring negative influence on their family and social relationships. On the other hand, having been mistreated would also worsen the emotional health status of the older adults (22) . This study was presented with several limitations. First, given the diverse sociodemographic backgrounds of Chinese populations in the United States, we might not be able to generalize the study findings to other Chinese populations. Second, we will need qualitative data to expand our understanding on the social and cultural context of PF impairment and EM. Third, as a cross-sectional study, we were not able to examine the causal relationship between PF impairment and EM, particularly the complex relationships among PF, depression and EM. Future longitudinal study analysis should be conducted to explain the underlying mechanism of how PF links to EM.
Despite the limitations, the implications of the study are threefolded. The study findings have impact on future research, social service and policy making, and clinic practice. For academic research, this study provided new information to shed light on future research directions. First, it helps enhance understanding of the relationship between PF and EM. Second, it may attract more discussions on how cultural factors mediate the relationship and to what extent. Longitudinal studies are necessary to answer these questions. For social service agencies and policy makers, it is encouraging to see that existing caregiving programs might be working. However, systematic evaluation is necessary to examine the effectiveness of these programs. At the meantime, it is still critical to keep improving social services to reduce family caregiving burden and support Chinese older adults. The last but not the least, for healthcare professionals, as important as knowing the protective factor of PF impairment against EM, it is also crucial to be aware of the cultural and social aspects that may play roles in EM among Chinese population.
Conclusion
The primary finding of this study suggested that a greater level of PF impairment was significantly associated with lower risk of EM among U.S. Chinese older adults in the Greater Chicago Area. This finding is different from many prior study results. To better understand the relationship between PF and EM, we encourage researchers to pay close attention in choosing the PF and EM assessments and taking the unique cultural aspects of Chinese populations into consideration. Longitudinal studies are necessary to engage more systematic analysis of the risk and protective factors associated with EM and to generate potential pathways between PF and EM and its subtypes.
